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Summaries o r  c i t a t i o n s  of r e s e a r c h  s u p p o r t e d  by NASA Grant 
No. QGR 33-010-101 p u b l i s h e d  or s u b m i t t e d  t o  p u b l i c a t i o n  s i n c e  
t h e  l a s t  semi-annual r e p o r t  are l i s t e d  below: 
(1) Shock S y q t h e s i s  of Amino Acids i n  S imula t ed  
P r i m i t i v e  Environments ,  S c i e n c e  168 ,  470-473, 
1970.  
-) -
A m i x t u r e  o f  g a s e s  roughly s i m u l a t i n g  t h e  p r i m i t i v e  terres-  
t r i a l  a tmosphere has been  s u b j e c t e d  t o  shock h e a t i n g  fo l lowed  b y  
a r a p i d  thermal quench. Under s t r i c t l y  homogenews c p n d i t i o n s  
there  i s  a ve ry  h i g h  e f f i c i e n c y  of 5 x l o l o  molecules  p e r  e r g  o f  
shock- iQjec ted  energy f o r  p r o d u c t i o n  of alpha-amino a c i d s .  Cal- 
c u l a t i o n s  s u g g e s t  t h a t  r a p i d  quenching bypasses  t he  u s u a l  thermo- 
chemical  b a r r i e r .  The p roduc t  o f  energy f l u x  and e f f i c i e n c y  
i m p l i e s  the  unexpected c o n c l u s i o n  t h a t  shocks  o c c u r r i n g  on a t -  
mospheric  e n t r y  of  cometary meteors  and m i c r o m e t e o r i t e s  and 
from t h u n d e r  may have been  t h e  p r i n c i p a l  energy  s o u r c e s  f o r  
p r e b i o l o g i c a l  o r g a n l c  s y n t h e s i s  on t h e  p r i m i t i v e  e a r t h .  
( 2 )  P r i m o r d i a l  Shock S y n t h e s i s  of Aminq Acids ,  Proceedings  
of  t h e  Th i rd  I n t e r n a t i o n a l  Conference on t h e  O r i g i n  
of L i f e ,  Font-a-Mousson, F rance ,  1970 (Re Buvet and 
C. Ponnamperuma, eds.) North Hol land  P u b l i s h i n g  Co., 
Amsterdam. [Th i s  i s  a more d e t a i l e d  v e r s i o n  of  t h e  
r e p o r t  c i t e d  i n  ( 1 ) I e  
( 3 )  Amino Acid S y n t h e s i s  i n  S imula t ed  P r i m i t i v e  Environ-  
ments,  S c i e n c e ,  - 170 ,  1001-1002, 1970. 
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The p r e s e n c e  o f  e t h a n e  r a the r  t h a n  methane, and assumpt ions  
on t h e  f l u x  o f  cometary meteors  and m i c r o m e t e o r i t e s  u sed  i n  
ppevious  work ( , 168, 470, 1970) ,  i s  shown t o  have no 
s i g n i f i c a n t  e f f e c t  on t h e  shock p r o d u c t i o n  of amino a c i d s .  
( 4 )  Long Wavelength U l t r a v $ o l e t  Photoproduct ion  of' 
Amino Acids on t h e  P r i m i t i v e  E a r t h ,  s u b m i t t e d  t o  
S c i e n c e  
Amino a c i d s  are produced under  p o s s i b l e  p r i m i t i v e  E a r t h  
c o n d i t i o n s  i r r a d i a t i o n  of gas  m i x t u r e s  w i t h  l o n g  wavelength 
u l t r a v i o l e t  l i g h t ,  r e p r e s e n t i n g  t h e  most abundant u s e f u l  energy  
s o u r c e  f o r  p r e b i o l o g i c a l  o r g a n i c  s y n t h e s i s .  
photon  a c c e p t o r  i n  t h i s  work; s u p e r t h e r m a l  H p h o t o d i s s o c i a t i o n  
H 2 S  i s  t h e  i n i t i a l  
p r o d u c t s  appea r  t o  i n i t i a t e  r e a c t i o n s  l e a d i n g ' t o  amino a c i d  
s y n t h e s i s  w i t h  an  o v e r a l l  quantum y i e l d  2, 5 x lo-? ( A  p r e p r i n t  
o f  t h i s  p a p e r  i s  i n c l u d e d  as Appendix 111). 
( 5 )  S y n t h e s t s  o f  C y s t i n e  unde r  P r i m i t i v e  E a r t h  Cond i t ions ,  
s u b m i t t e d  t o  Nature .  
The d i s u l f i d e  c ros s - l inkFge  of c y s t i n e  p l a y s  a major  r o l e  
i n  t h e  t e r t i a r y  s t r u c t u r e  of p r o t e i n s  and i n  enzyme r e g u l a t i o n  
and r e a c t i o n  k i n e t i c s .  Long wavelength u l t r a v i o l e t  i r r a d i a t i o n  
o f  p r i m i t i v e  g a s e s  i n c l u d i n g  H 2 S  y i e l d  c y s t i n e  and c y s t e i n e ,  b u t  
no d e t e c t a b l e  me th ion ine .  
( 6 )  P roduc t ion  o f  Organic  Molecules  i n  t h e  I n t e r s t e l l a r  
Medium. 
- 2 ,  340,  1 9 7 0 .  
B u l l e t i n  -- of t h e  American Astronomical  S o c i e t y ,  
The p r e s e n c e  o f  ammonia, water, formaldehyde,  HCN, and 
( p r o b a b l y )  methane i n  t h e  i n t e r s t e l l a r  medium, coupled w i t h  
t h e  known p r e s e n c e  o f  shock waves , u l t r a v i o l e t ,  cosmic r a y ,  and 
o t h e r  energy  s o u r c e s  , s t r o n g l y  s u g g e s t  t h a t  modera te ly  complex 
o r g a n i c  compounds are a p e r v a s i v e  c o n s t i t u e n t  o f  i n s t e l l a r  m a t t e r .  
While an a c c u r a t e  s i m u l a t i o n  o f  i n t e r s t e l l a r  c o n d i t i o n s  i n  t h e  
l a b o r a t o r y  i s  e n t i r e l y  i m p r a c t i c a l ,  a range  of p r e v i o u s l y  pub- 
l i s h e d  exper iments  i n d i c a t e  t h a t  a l a r g e  array o f  a ldehydes ,  
hydrocarbons  ( i n c l u d i n g  p o l y c y c l i c  a r o m a t i c s )  , and o t h e r  o r g a n i c  
molecules  i s  t o  b e  expec ted .  The r e c e n t  d i s c o v e r y  of  i n t e r -  
s t e l l a r  HCN i s  m q s t  i m p o r t a n t ,  because  n i t r i l e s  and a ldehydes  
a r e  known i n t e r m e d i a t e s  i n  t he  p r o d u c t i o n  of such  o r g a n i c  mole- 
c u l e s  as amino a c i d s  and p u r i n e s .  I n  new exper iments  i n  which 
w e  a t t e m p t  e x p l i c i t l y  t o  s i m u l a t e  i n t e r s t e l l a r  c o n d i t i o n s ,  w e  
f i n d ,  produced s t o i c h i o m e t r i c a l l y  from ammonia and formaldehyde,  
t h e  molecule  hexamethy lene te t r amine ,  a ve ry  s t ab le  h i g h  me l t ing -  
p o i n t  r i n g  compound which may be connec ted  w i t h  i n t e r s t e l l a r  
g r a i n s .  U l t r a v i o l e t  i r r a d i a t i o n  o f  t h i s  molecule  produces  sev-  
e r a l  compounds, of  which HCN and C2H4 are most ea s i ly  d e t e c t e d  
mass s p e c t r o m e t r i c a l l y .  
( 7 )  D e t e c t i o n  of S e v e r a l  Non-Protein Amino Acids i n  t h e  
P resence  o f  P r o t e i n  Amino Acids , - J. Chromatography , 
_I 54, 428-430, 1971. 
Many non-p ro te in  as w e l l  as p r o t e i n  amino a c i d s  have  been  
d e t e c t e d  w i t h  t h e  use  of amino a c i d  a n a l y z e r s .  However, t he re  
has  been  confus ion  as t o  whether  t h e s e  compounds a r e  s i m u l t a n -  
eous ly  d i s t i n g u i s h a b l e .  We p r e s e n t  ev idence  f o r  s e p a r a t i o n s  o f  
t h e  f o l l o w i n g  non-p ro te in  amino a c i d s  i n  t h e  p r e s e n c e  o f  t h e i r  
n e a r e s t  p r o t e i n  amino a c i d s :  t r y p t o p h a n ,  3,5-diaminohexanoic 
a c i d ,  l y s i n e ,  c is-A4-dehydrolysine,  h i s t i d i n e ,  c y s t e i c  a c i d ,  
u r e a ,  t a u r i n e ,  a s p a r t i c  a c i d ,  meth ionine  s u l f o n e ,  hydroxypro l ine ,  
t h r e o n i n e  , g lu tamic  a c i d ,  s a r c o s i n e  , p r o l i n e ,  a-amino-N-butyric 
a c i d ,  c y s t i n e ,  v a l i n e ,  b e t a i n e ,  me th ion ine ,  L,L-a,€-diaminopimelic 
a c i d ,  n o r - v a l i n e ,  i s o l e u c i n e ,  l e u c i n e ,  n o r - l e u c i n e ,  t y r o s i n e ,  
p h e n y l a l a n i n e ,  homocyst ine,  and B-alanine.  Data f o r  3,5-diamino- 
hexano ic  a c i d  , cis-A4-dehydrolysine,  and L,L-a,€-diaminopimelic 
a c i d  appea r  h e r e  f o r  t h e  f i rs t  t i m e .  
( 8 )  Comments on I n t e r s t e l l a r  Organic  Chemistry,  i n  
Proceedings  o f  t h e  I A U  D i s c u s s i o n  on I n t e r s t e l l a r  
Molecules  , i n  T r a n s a c t i o n s  -- of  t h e  I n t e r n a t i o n a l  
As t ronomica l  Union, - -  14 B ,  1971,  D .  Re ide l ,  
Dordrecht  , Hol land ,  i n  p r e s s  a 
( 9 )  Exper imen ta l  J o v i a n  Photochemis t ry :  I n i t i a l  
R e s u l t s  , s u b m i t t e d  t o  A s t r o p h y s i c a l  J o u r n a l .  
Expe r imen ta l  s i m u l a t i o n s  o f  t h e  u l t r a v i o l e t  pho tochemis t ry  
o f  t h e  lower J o v i a n  NH4SH and NH40H c louds  have  been  per formed,  
With C H 4 ,  C 2 H 6 ,  NH3, H2S and H20 as p r e c u r s o r  materials t h e  p r i n -  
c i p a l  gas  phase  chemica l  and photochemica l  p r o d u c t s  are N H 4 S H j  
( C 2 H 5 S ) 2 ,  ( C  H ) S,  CH3CN and p o s s i b l y  (CH3SI2 and H 2 S 2 .  
t r a c e  o f  ammonium p o l y s u l f i d e s  i s  found under  mass s p e c t r o m e t r i c  
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a n a l y s i s ,  
s o l u t i o n  are polymer ic  s u l f u r ,  S1 th rough s 8 9  and a r ange  o f  
The p r i n c i p a l  i d e n t i f i e d  c o n s t i t u e n t s  i n  t h e  N H 4 0 H  
a-amino a c i d s .  An orange-brown po lymer i c  material r e m i n i s c e n t  
o f  t he  c o l o r s  o f  t h e  North E q u a t o r i a l  B e l t ,  i s  produced. The 
N H 4 0 H  c louds  of J u p i t e r  may b e  o f  c o n s i d e r a b l e  e x o b i o l o g i c a l  
i n t e r e s t  e 
( 1 0 )  The S o l a r  Sygtem Beyond Mars: An E x o b i o l o g i c a l  
Survey,  Space S c i e n c e  Reviews, _. 11, 73-112, 1971. 
An e x t e n s i v e  d i s c u s s i o n  i s  p r e s e n t e d  on t h e  o r g a n i c  chemical  
and e x o b i o l o g i c a l  p o t e n t i a l i t i e s  o f  t he  e x p l o r a t i o n  of  t h e  o u t e r  
s o l a r  s y s t e m .  O p t i c a l  and u l t r a v i o l e t  a b s o r p t i o n  f e a t u r e s  on 
J u p i t e r ,  t h e  J o v i a n  lower c louds ,  t h e  G a l i l e a n  s a t e l l i t e s  , T i t a n  
and t h e  comets a r e  o f  p a r t i c u l a r  i n t e r q s t .  B a s i c  l n f o r m a t i o n  
r e l a t i n g  t o  t h e  o r i g i n  o f  l i f e  qn E a r t h  and the  p o s s i b i l i t y  o f  
e x t r a t e r r e s t r i a l  l i f e  may await t h e  e x p l o r a t i o n  o f  t h e  o u t e r  s o l a r  
s y s t e m .  
(11) The S u r f a c e  Environment and P o s s i b l e  Biology o f  
Mars, i n  "Sur faces  and I n t e r i o r s  o f  P l a n e t s  and 
S a t e l l i t e s "  A .  D o l l f u s ,  e d . ,  London, Academic 
Press,  1 9 7 0 ,  Chapter  X ,  pp.  535-556. 
P r e s e n t  knowledge and s p e c u l a t i o n  on t h e  h a b i t a b i l i t y  of  
Mars i s  reviewed c r i t i c a l l y  and compared w i t h  t h e  d i s c u s s i o n  i n  
Alfred R u S s e l l  Wal l ace ' s  1907 book, "Is Mars Habi table?"  The 
comparison i s  s o b e r i n g .  
( 1 2 )  On the  O r i g i n  of t h e  G e n e t i c  Code, i n  "The O r i g i n s  
of  L i f e "  L. S. Margu l i s ,  e d . ,  Gordon and Breach,  
1971. 
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The manner i n  which a weakly s t e r e o s p e c i f i c  i n t r i n s i c  g e n e t i c  
code, coding  f o r  on ly  t h e  a c t i v e  s i t e s  of p r i m i t i v e  enzymes, cou ld  
p l a y  a major  r o l e  i n  t h e  o r i g i n  o f  l i f e  f s  e x p l o r e d .  
( 1 3 )  L i f e  Beyond t h e  S o l a r  System, i n  "Exobiology" C .  
Ponnamperuma, e d . ,  North Hol land  P u b l i s h i n g  Co., i n  
p r e s s ,  1971 .  
R e l a t e d  work, n o t  suppor t ed  by NASA, i n c l u d e s  C .  Sagan, 
" L i f e "  25 ,000  words,  Encyclopaedia  B r i t a n n i c a ,  1970-1971 and 
subsequent  e d i t i o n s ;  C .  Sagan, The O r i g i n  o f  L i f e ,  i n  "Topics 
i n  t h e  Study of  L i f e " ,  H .  L .  Roman and A .  S. Sussman, e d s . ,  
pp.  430-4311, 1 9 7 0 ,  New York, Harper  and Row; and N .  H .  Horowitz ,  
F. D. Drake, S.  L. M i l l e r ,  L .  E .  Orge l  and C .  Sagan, The O r i g i n s  
of  L i f e ,  Chapter  5 i n  "Biology and t h e  F u t u r e  o f  Man", P .  
Handler ,  ed.  , Oxford U n i v e r s i t y  Press, London, 1970,  p p .  163-201. 
